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METHOD AND APPARATUS FOR PROCESSING ARTICLES WITH A LASER BEAM 

BACKGROUND OF THE INVENTION 
[0001 J The present invention relates to a method for machining workpieces by means of a laser 
beam, the workpieces being fixed and subsequently exposed at least partially to a laser beam. The 
invention further relates to a device for machining workpieces, having a laser source, a support as 
lower pressure plate for the workpieces, and a beam-passing upper plate on the workpieces for 
fixing the workpieces during the machining as upper pressure plate. 

[0002] This method of plastics welding with the aid of a laser beam is generally known, and is 
also denoted as transmission welding. It is important for this plastics welding method that the 
workpieces are clamped to one another during the welding operation, since an important 
precondition for a good welded joint of the plastics by means of laser radiation is not only the 
energy dose, but also the clean mechanical contact between the two adherend surfaces to be 
connected to one another. Various methods and devices which permit an adequate contact 
pressure, in particular with flat parts, are known for this purpose. 

[0003] It is possible in principle not only to weld these parts to one another, but also to undertake 
other machining processes by means of a laser beam, such as are described, for example, in the 
dependent European patent application 02 001 768.7. 

[0004] It is important for machining with the requisite precision that differences in contact 
pressure and component tolerances between the lower pressure plate and the upper pressure plate 
and the workpieces situated therebetween are balanced out so that each component has the same 
contact pressure conditions. 

[0005] It is therefore the object of the present invention to propose here a possibility with the aid 
of which these high-precision parts can be produced quickly and rationally, there being at the 
same time a balancing of the contact pressure differences and component tolerances. 
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SUMMARY OF THE INVENTION 
[0006] This object is achieved according to the invention by providing a method for machining 
workpieces by means of a laser beam, the workpieces being fixed and subsequently exposed at 
least partially to a laser beam, wherein in a first operating step a plurality of workpieces to be 
machined are mounted on a lower pressure plate having supporting segments that can be moved 
in a vertical direction, the top sides of the workpieces are brought into contact in the second 
operating step with a beam-passing plate as upper pressure plate, the upper and lower pressure 
plates are pressed together with a prescribed contact pressure, the spacing of the supporting 
segments from the upper plate being set variably, the workpieces to be machined are 
subsequently exposed to the laser beam through the upper pressure plate between the upper 
pressure plate and the lower pressure plate. The invention further includes a device for 
machining workpieces by means of a laser beam, having a laser source a support as lower 
pressure plate for the workpieces, and a beam-passing upper plate on the workpieces for fixing 
the workpieces during the machining, and also a pressure generator which acts on at least one of 
the pressure plates, wherein the lower pressure plate has a plurality of workpiece supports for 
holding the workpieces to be machined, which can be moved in a vertical direction relative to the 
lower pressure plate and whose spacing from the upper pressure plate can be variably set for the 
same contact pressure. 

[0007] In accordance with the method, in a first operating step, a plurality of workpieces to be 
machined are mounted on a support as lower pressure plate having supporting segments that can 
be moved at least in a vertical direction. For this purpose, the individual workpieces are 
respectively laid onto the supporting segments such that the latter are all positioned at the same 
time, and can also be fixed, at least partially. In the next operating step, a beam-passing plate, for 
example made from glass, is brought into contact with the workpieces as upper pressure plate. 
Depending on the configuration of the method according to the invention, this can be performed 
only by loading, that is to say moving the upper pressure plate onto the upper workpiece, or by 
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moving the workpieces up from below onto the upper pressure plate. Subsequent to this, the 
upper and lower pressure plates are pressed together at a prescribed contact pressure. In this case, 
the spacing of the supporting segments, which can be moved in a vertical direction, from the 
upper plate is set variably such that the tolerances of the workpieces are balanced out, and yet the 
same contact pressure is applied to all the workpieces. The clamping can be performed in this 
case in such a way that either only individual supporting segments of the lower pressure plate are 
clamped selectively with the workpieces currently to be machined between the upper pressure 
plate and the respective supporting segment and exposed to the laser beam, or the requisite 
contact pressure is applied simultaneously to all the supporting segments. Thus, in the case of the 
selective application of contact pressure, the two workpieces are therefore pressed together only 
then and at the respective workpieces which are currently being swept over by the laser beam. All 
the remaining workpieces located on the lower pressure plate remain only slightly prestressed 
and are not clamped between the upper pressure plate and the respective supporting segment until 
the moment of machining. 

[0008] This method has the advantage that it is suitable for producing large masses of 
workpieces. For example, the fitting can be performed by means of an exchangeable magazine, 
the result being to reduce the production time. By being clamped, the individual parts can be 
machined with adequate quality with regard to the accuracy of the weld seam despite possible 
fluctuations in the height of the workpieces. 

[0009] In accordance with a further advantageous refinement of the invention, individual 
segment regions of a supporting element are pressed against the workpieces with an appropriately 
prescribable contact pressure. These individual segment regions can be defined, for example, 
mechanically, pneumatically, hydraulically, by servomotor or magnetically and by means of 
individual needles, rollers, pins, platens etc. The design of these individual segment regions is 
determined by the type of application and the workpieces to be processed. In the case of the use 
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of individual supporting elements such as, for example, needles, it is possible to press together 
parts which are uneven, for example have a contour, on the side facing the lower pressure plate. 
[0010] In accordance with a further design of the method, the respective supporting segment is 
moved in a vertical direction with a first contact pressure until contact occurs with the upper 
pressure plate, and is pressed against the upper pressure plate, and then a second, substantially 
higher contact pressure is subsequently applied to it during the laser beam machining. Of course, 
it is also possible for a plurality of supporting segments to be moved simultaneously in such a 
way. This has the advantage that it is possible thereby for the exchange to be implemented easily 
in terms of design for a second, already fitted lower plate after the lower plate has been machined 
by laser beam. This exchange magazine method substantially increases the production throughput 
at a welding device. 

[0011] For this purpose, the lower plate is advantageously provided from the underside with a 
compressed-air connection and arranged on a base plate with a compressed-air counterpart and 
pressed against the base plate with the force that is produced by the second, substantially higher 
contact pressure against the upper pressure plate, and the compressed-air connection is thereby 
sealed. 

[0012] In accordance with a further design of the method, a beam-passing elastic plastic film is 
inserted between the upper pressure plate and the workpieces as compensating element. 
Consequently, possible differences in contact pressure and component tolerances can be balanced 
out during pressing together. The insertion of such a plastic film can additionally be carried out 
in the case of moveably mounted supporting segments, or else in the case of a rigid lower 
pressure plate. 

[0013] The device for machining workpieces has a lower pressure plate with a plurality of 
supporting segments that are mounted moveably in a vertical direction relative to the lower 
pressure plate and whose spacing form the upper pressure plate can be variably set for the same 
contact pressure. The size of the supporting segments can correspond especially to the size of the 
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workpieces to be machined and/or to be welded. The mobility can be effected by resilient bearing 
such that the individual supporting segments can be adapted to possible manufacturing 
tolerances. For the purposes of optimum adaptation to the workpiece dimensions, the individual 
supporting segments can be designed such that they can be controlled separately from one 
another or else in groups in the vertical direction by means of the pressure generator and can be 
moved in the vertical direction. As a result, an appropriate spacing is set up between the pressing 
parts (supporting segment and upper pressure plate) for each set of workpieces. 
[0014] In accordance with a further design, the device has supporting segments that have 
individual segment regions which can move in the vertical direction. These can be formed, in 
turn, by relatively small pins, clips, rollers, pistons with an appropriate supporting surface or the 
like. The advantage of this arrangement consists in that it is possible to realize an adaptation 
coordinated with the application. 

[0015] If the workpieces are pressed together only at the instant of welding, an appropriate 
control device ensures that the respective supporting segment presses precisely the workpieces 
struck by the laser beam. 

[0016] In accordance with a preferred design of the device according to the invention, the lower 
pressure plate is designed as a pressure chamber to which compressed air can be applied and 
which has one or more workpiece supports, for example pistons with a large supporting surface, 
pins, needles, that can be moved in a vertical direction. The workpiece supports can be driven 
individually, separately from one another. It is also possible for the lower pressure plate to have 
individual resiliently mounted workpiece supports for it to be possible to move the pressure plate 
in a vertical direction. 

[0017] In a further design of the invention the lower pressure as pressure chamber, for example 
for compressed air, at least two such lower plates are provided which .can be brought alternately 
into pressure contact with the upper plate as changing magazine. Preferably, the lower plate has 
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on the underside a compressed-air opening that is flush with a corresponding compressed-air 
opening in a base plate arranged thereunder. 

[0018] Preferably, the compressed-air opening in the lower plate is designed as a through bore, 
and the compressed-air opening in the base plate is designed as a bore with a counterbore for 
holding a seal. This permits a particularly simple sealing without additional hoses or valves. The 
seal arranged in the counterbore is pressed together by the weight of the lower plate and thereby 
seals at a low pressure. This pressure is, however, sufficient to move the supporting segments, 
which can move in a vertical direction, against the upper pressure plate. Given the subsequently 
increased contact pressure, the lower pressure plate is pressed with just this increased contact 
pressure against the base plate such that an increased level of sealing is thereby also ensured. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] The invention is explained in more detail below with the aid of exemplary embodiments 
in conjunction with the accompanying drawings, in which: 

[0020] Figure 1 shows schematically the principle of the arrangement with moveable 
supporting segments, in a sectional illustration, 

[0021] Figure 2 shows the perspective plan view of a lower pressure plate with supporting 
segments and individual segment regions, 

[0022] Figure 3 shows an embodiment with a rigid lower pressure plate and an additional 
film between the upper pressure plate and the workpieces, 

[0023] Figure 4 shows a sketch of a functional principle with a lower pressure plate with a 
compressed-air chamber, 

[0024] Figure 5 shows the upper pressure plate with compressed-air chamber with two 
supporting segments as workpiece support, in a perspective view and in a sectional illustration, 
[0025] Figure 6 shows the sectional illustration of a lower pressure plate on a base plate 
with the compressed-air connection for the changing magazine, and 



6 



03-494 



[0026] Figure 7 shows a schematic perspective illustration of the lower pressure plate with 
pins, and in section with workpieces and an upper pressure plate. 

DETAILED DESCRIPTION 
[0027] Figure 1 shows an upper pressure plate 3 made from silica glass onto which workpieces 4 
and 5, the upper workpiece 4 and the upper pressure plate 3 being transparent to a laser beam 
(not illustrated) from a laser source. The laser beam 2 is formed in a known way by means of 
suitable optical means such that it is positioned vertically above the region to be machined and is 
moved over the latter. This can be performed by appropriate deflecting mirrors, or by moving the 
laser source itself or the supporting table. The laser beam passes through the upper pressure plate 

3 and the upper workpiece 4 such that the laser beam heats up the material in the adherend region 
6 between two workpieces, and thereby effects welding of the two workpieces 4 and 5 in this 
exemplary embodiment. An appropriate mask can be located on the upper pressure plate 3 in 
order to select the regions to be welded. The two workpieces 4 and 5 are arranged on supporting 
segments 8 of a lower pressure plate 9. Both the upper pressure plate and the lower pressure plate 
can, for example, be moved hydraulically or pneumatically by a customary piston/cylinder 
arrangement. In the present exemplary embodiment, the upper pressure plate 3 is fixed, while, 
after the arrangement of the workpieces 4, 5 on the respective supporting segments 8, as 
illustrated in the Figure, the lower pressure plate 9 presses the top sides of the upper workpieces 

4 against the upper pressure plate with a fixed holding pressure. The supporting segments 8 
mounted moveably in the lower pressure plate 9 can likewise be actuated pneumatically in the 
vertical direction, for example via a conventional piston/cylinder arrangement, generally denoted 
as a pressure generator 10. 

[0028] Depending on the design, the pressure generator can be controlled in this case if needed 
such that an appropriate higher contact pressure is applied only to the supporting segment 8, 
which is currently being struck by the laser beam 2, and not to the remaining other supporting 
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segments 8\ 8". As soon as the laser beam 2 passes to the next supporting segment 8\ the 
supporting segment 8 is press-relieved and an increased pressure is correspondingly applied to 
the supporting segment 8'. It is thereby ensured in this exemplary embodiment that the 
workpieces are exposed only for the moment of machining to an increased contact pressure 
which is necessary, for example, for the quality requirements in the case of microstructures and 
nanostructures at the moment of machining, and so machining that is dimensionally accurate and 
exact is not possible. In the exemplary embodiment in accordance with Figure 1, compressed air 
is applied to the supporting segments 8\ 8" after the lower pressure plate 9 has been brought 
into the vicinity of the upper pressure plate 3 via a pressure generator 10. The individual pressure 
pistons 16 of the supporting segment 8\ 8" are moved in the vertical direction via the pressure 
chamber 15 and can be adapted to various thicknesses of the workpieces 4, 5, the contact 
pressure being the same for them all. A controlled selection of individual supporting segments 
does not take place here. 

[0029] Figure 2 shows the perspective view of a lower pressure plate 9 with individual 
supporting segments 8, in the case of which the supporting segments do not, as illustrated in 
Figure 1, form a flat support, but instead only a punctiform one. This can be performed by 
individual segment regions, that is to say smaller, flat supports 1 1, or in a punctiform fashion by 
means of pins or needles 12. The flat segment regions 1 1 can also be implemented by rollers or 
other suitable elements, it likewise being possible in the case of the embodiment according to this 
Figure to apply a contact pressure individually to the individual segment regions, be they in flat 
form (reference numeral 11) or pins or needles 12. As illustrated in Figure 1, this can be 
performed by means of pressure chambers 15 which can, however, be driven separately in 
relation to individual segment regions 11. 

[0030] In the exemplary embodiment in accordance with Figure 3, there is inserted between the 
upper pressure plate 3 and the top side of the workpieces 4 a film 14 which is transparent to the 
laser beam and has a thickness of approximately 0.2 to 1 mm and via which tolerance 
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compensation and pressure balancing is achieved after the firm compression of the workpieces 4, 
5 between the upper pressure plate 3 such that the contact pressure required during machining 
can act on all the workpieces. It is thereby possible in some circumstances to save the balancing 
via the supporting segments that can be moved in the vertical direction, which are illustrated in 
Figures 1 and 3. The film 14 was additionally used in the Figure despite moveable supporting 
segments, as explained in Figure 1. 

[0031] Figure 4 shows three different operating states of a device having a lower pressure plate 9 
with a pressure chamber 15. The pressure chamber 15 has, by way of example, three pressure 
pistons 16 which project into the pressure chamber in the vertical direction and whose upper end 
face 17 serves as workpiece support. The pressure plate 9, in turn, is moved in the vertical 
direction by means of a cylinder 28, the latter having the greater stroke in the vertical direction, 
as shown in the Figure. Figure 4 A shows the arrangement in the rest position with the level hi . In 
Figure 4B, the pressure has been applied, pneumatically or hydraulically, to the cylinder 28, and 
so the lower pressure plate 9 is already moved close to the upper pressure plate 3 at the height 
level h2. In Figure 4C, pressure can then be applied to the pressure chamber 15, and the pressure 
pistons 16 are moved out of the pressure chamber 15 in the vertical direction. The stroke of the 
pressure pistons 16 is directed individually in accordance with the thickness of the workpieces 
resting on the end face 17. Consequently, workpiece tolerances can be compensated so as always 
to ensure the required contact pressure. 

[0032] Figure 5 shows in an enlarged illustration in a perspective representation (Figure 5A) and 
in a sectional illustration (Figure 5B) only the lower pressure plate 9 with the pressure chamber 
15 and two pressure pistons 16 on which a workpiece holder 18 is arranged on the end face 17. 
The workpieces 4, 5 to be welded are located on the workpiece holder 18. A compressed-air 
connection 19 is located to the side in this example. It is to be seen in Figure 5B that the pressure 
pistons 16 are guided in the pressure chamber 15 via seals 20 in such a way that it is possible to 
make even a small angular adjustment. 
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[0033] Figure 6 A shows the pressure plate 9 on a base plate 21 in another refinement, in cross 
section. The base plate 21 is illustrated in a perspective view in Figure 6B, and Figure 6C 
illustrates the detail C in an enlarged section. The lower pressure plate 9 once again has a 
pressure chamber 15 with a pressure piston 16 that bears a workpiece holder 18. Located on the 
latter are the workpieces 4, 5, which are pressed against the transparent upper pressure plate 3. 
The lower pressure plate 9 has a through bore 22 to the pressure chamber 15 and rests with the 
flat underside 23 on the base plate 21. The latter has a compressed-air channel 24 that opens on 
the top side into a cylindrical counterbore 25. The latter serves to hold a sealing ring 26, as 
illustrated in Figures 6B and 6C. Said ring seals off the surfaces, lying on one another, of the 
lower pressure plate 9 and the base plate 21 from one another. 

[0034] In a very highly advantageous and at the same time simple way, this arrangement permits 
the use of a plurality of lower pressure plates 9 as a workpiece magazine, which plates can be 
interchanged and thereby be connected immediately to the compressed-air generator. 
[0035] Finally, Figure 7 shows the supporting segments in the form of pins 29 that are guided 
moveably individually in the vertical direction in the pressure chamber 15 and - as already 
explained above - can likewise have compressed air applied to them. Figure 7A shows an 
individual pin 29, Figure 7B shows the lower pressure plate 9 with a multiplicity of pins 29, and 
Figure 7C shows a sectional illustration of the arrangement of the pins in the case of the lower 
workpiece 5 with a contour on the side facing the pins 29. Consequently, workpieces with a 
structured surface on one side can also be pressed together exactly. 
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